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after heterotopic heart transplantation in a murine model. Using the technique of mac- 
roarrays and immunohistochemistry, we have shown that MIP-1 b was over expressed 
and that VE-Cadherin was under expressed in the endothelial cells (ECs) of rejecting 
allografts. In this study, routrne endomyocardial biopsies were performed following 
human heart transplantation. Cardiac tissues were embedded I” paraffin for routine his- 
tologic analysis. Specimen was graded for AR using the ‘“ISHLT criteria. Immunohis- 
tochemical staining for the expression of MIP-lb and VE-Cadherln was performed I” 
cardiac tissues showing either no rejection (n=lO), rejection grade I6 @IO), or rejection 
grade IllA @lo). 
Results: MIP-1 p was strongly expressed (+++) on ECs in heart tissues showing an AR 
grade IIIA when compared to heart tissue showing grade I6 (++) AR or cardiac tissues 
with no AR (+). VE-Cadherin was detected as a thin, linear stainmg on ECs I” cardiac tis- 
sues showing no rejection (+++ or strongly positive). In contrast, the VE-Cadherin stain- 
ing was weak (+ or weakly positive) or completely absent on ECs present rn biopsies 
showing AR (grade IB and IIIA). 
Conclusions: We have identified and valrdated for the first time 2 genes (MIP-lb and 
VE-Cadherin) present in ECs lining the vessel walls, as markers of AR in human cardiac 
tissues. MIP-1 p, a chemokine, induces chemotaxis and adhesion of T-cells on ECs; VE- 
Cadherin, an endothelial-specific membrane protein responsible for the endothelial cell- 
cell adhesion, plays a key role in the migration of lymphocytes into myocardial tissues. 
Validated genes derived from the murine model can be used as potential targets in AR in 
human heart transplantation. 
1185-80 Post-Transplant Cardiac Rejection Monitoring With and 
Without Routine Biopsy Screenings: Comparison of 
Two Different Surveillance Strategies 
Michael Dandel, Johannes Miiller, Manfred Hummel, Rudolf Meyer, Susanne Kapell, 
Roland Hetzer, Deutsches Herzzentrum, Berlin, Germany 
Background: Rejection surveillance is extensively based on routine endomyocardial 
biopsy (EMB) screenings. Nevertheless, routine EMBs are distressing to the patients and 
risky. To verify the possibility to replace routine EMB screenings by efficiently timed diag- 
nostic EMBs, we compared the diagnostic efficiency of routine EMBs with that of a com- 
bined, mainly non-invasive rejection surveillance-strategy, in which EMBs were 
performed optionally, only rn patients suspected for rejection. 
Methods: Two groups of patients underwent different rejection ‘surveillance strategies 
during their first post-transplant year. In group A (n ~76) we performed a telemetric mon- 
itoring of the intramyocardial electrogram (IMEG) from a dual-chamber pacemaker. 
Overnight IMEG changes were analyzed on daily printouts. Additional pulsed-wave tis- 
sue Doppler (PW-TD) wall motion analyses were performed daily during hospitalization 
and after discharge, at each ambulatory examination. In group B (n =22), additionally to 
IMEG recordings and PW-TD examinations, independent routine EMB screenings were 
performed at predefined time intervals. 
Results: In group A the mean number of EMBs per patient (1.45 kl.25) was 66.9% lower 
than the number of routine EMBs performed in each patient of group B. In group A, 
21 .I% of the patients had no relevant IMEG and/or PW-TD changes and therefore no 
EMBs. The average numbers of rejection therapies par patient performed in group A 
(0.74 +0.71) and group B (0.77 * 0.75 ), as well as the number of morphological signifi- 
cant (ISHLT grade > 2) rejection episodes per patient (0.16 * 0.15) in group A and 0.14 f 
0.13 in group B) were similar. In group 6 93.6% of the routine EMBs had no therapeutic 
consequences. In group A, 50.9% of rejection episodes, suspected by IMEG and/or PW- 
TDI changes and confirmed by EMBs, were clinically relevant and needed antirejection 
treatment. No patient died during the study. 
Conclusions: Non-invasive rejection surveillance based on IMEG recordings and tissue 
Doppler wall motion analyses in combination with diagnostic EMBs allow a reliable, effi- 
cient and save monitoring even during the first post-transplant year, without unnecessary 
and distressing routine EMBs. 
1185-61 The Utility of Surveillance Endomyocardial Biopsies in 
Detecting Cellular Rejection in Pediatric Heart 
Transplant Patients 
Daniel S. Levi, Adam S. DeConde, Caron Burch, Juan C. Ale~os, Glenn T. Wetzel, 
University of California, Los Angeles, Los Angeles, CA 
Background: Routine surveillance endomyocardial biopsies (EMB) are commonly used 
to screen for cellular rejection in pediatric heart transplant patrents. With advances in 
immunosuppressron, the benefit of EMB in asymptomatic pediatric heart transplant 
patients is unclear. 
Methods: After orthotopic heart transplant (OHT), surveillance EMBs were routinely per- 
formed on all pediatric OHT patients with decreasing frequency. All biopsy specimens 
were reviewed by a cardiac pathologist, and graded according to International Society for 
Heart and Lung Transplantation (ISHLT) guidelines. A retrospective review of consecu- 
tive EMBs performed at our institution from January 1995 to September 2002 was con- 
ducted. The echocardiogram results, clinical history and treatment changes at the time of 
every biopsy were also recorded. 
Results: Results of 866 EMBs from 91 patients were reviewed. Two hundred and thirty- 
seven EMBs (23.9%) were performed within thirty-days of OHT, 394 EMBs (45.5%) were 
performed between one month and one year from OHT, and 265 EMBs (30.6%) were 
performed more than 1 year after OHT. Of all EMBs, 1.39% were ISHLT grade 2 or 
higher, 3.58% were grade 1 B, 19.4 % were grade IA, and 74.6% were grade 0. Six of the 
EM8 were unable to be interpreted because of insufficient tissue. Of the twelve patients 
in whom the EMB was read as grade 2 or higher, six were less than one month from OHT 
and asymptomatic. The other six patients with greater than 1B cellular rejection pre- 
sented for biopsy because of symptoms and had abnormal function on echocardiogram. 
Of the 820 EMB performed I” asymptomatic patients more than one month from OHT, 
there were no episodes of cellular rejection greater than IB. There were 21 asynIptOm- 
atic patient biopsies (2.56%) with grade IB rejection. All grade IB relection detected by 
surveillance EMB resolved in both treated and untreated cases. 
Conclusion: EMB should only be used to screen for cellular rejection in the first month 
after pediatric heart transplantation. For pediatric patients more than thirty days after 
OHT, EMB has failed to reveal significant episodes of cellular rejection in asymptomatic 
patients. The utility of surveillance EMB to detect humoral rejection was not assessed. 
1185-84 Rejection Surveillance Late After Heart Transplantation 
Michael Dandel. Manfred Hummel, Susanne Kapell. Rudolf Meyer, Hans B. Lehmkuhl, 
Roland Hetzer, Deutsches Heruentrum Berlin, Berlin, Germany 
Although routine endomyocardial biopsies (EMBs) continue to detect cardiac rejection 
(CR) beyond the first post-transplant year, their need for late CR surveillance is contro- 
versial. However, late CRs are associated with both graft failure and allograft coronary 
disease (ACD). To provide appropriate CR surveillance during late post-transplant peri- 
ods, we assessed the usefulness of non-invasive screenings for both CR diagnosis and 
effective use of EMBs. 
Methods: In 130 patients (post-transplant times: 2- 15 years) monitored routinely by tis- 
sue Doppler imaging (TDI), we compared the diagnostic efficacy of routine EM8s (per- 
formed unrelated to TDI results) with that of diagnostic EM8s (timed by TDI). Routine 
EMBs were performed in 98 patients during annual follow-up catheterizations. Diagnostic 
EMBs, conducted whenever TDI detected left ventricular wall motion alteratlons (prolon- 
gation of relaxation time and/or reduction of systolic and/or diastolic peak velocities), 
were performed in 32 patients. 
Results: Most routine EMBs (89.9%) were ISHLT grade 0 and TDI performed before 
showed no CR relevant changes. CRs grade IA and 1 B were shown in 8 1% of routine 
EM8s. Two routine EM8s (2%), obtained from 2 asymptomatic patients with TDI 
changes, showed relevant CRs grade 3A. Among the 38 diagnostic EMBs pelformed 
due to TDI alterations in 32 patients, 7 (18.4%) were ISHLT grade 0. but I” 5 cases the 
coronary angiogram showed either new appearance or aggravation of ACD. The other 
3ldiagnostic EMBs showed cellular CRs of different degrees (32.3% 1A and lB, 9.8% 
grade 2, 57.9% 3A and 38). Vascular reactions were detectable in 22 diagnostic EMBs. 
Reduction with >15% of systolic velocity Sm, evident in 81.8% of all patients with CR, 
was shown I” all patients with clirwally relevant CRs (ISHLT 2 grade 2 plus IA and 18 
accompanied by hemodynamic deterioration and/or vascular rejections). 
Conclusions: Routine annual EMBs detect only a fraction of relevant CRs which occur 
late after transplantation. Serial TDI screenings followed by diagnostic EMBs, whenever 
relevant wall motion alterations are detected, increase the efficacy of CR diagnosis and 
provide a tempting strategy for late post-transplant CR surveillance. 
1185-85 Noncultured Autologous Skeletal Muscle Cells Can 
Successfully Engraft in Ovine Myocardium 
Nicolas Borenstein, Patrick Bruneval, Mehrak Hekmati, Christophe Bovin, Luc Behr, 
Christian Pinset, FranCois Laborde, Didier Montarras, CERA Centre d’ Experimentation 
et de Recherche Appliquee, Paris, France 
Background: The concept of myogenic cell transplantation into the myocardium, known 
as cellular cardiomyoplasty (CCM). is based on the contribution of exogenous cells to 
replace lost or altered cardiomyocytes in order to restore functional performances of the 
heart. There is a large body of evidence showing that CCM performed with skeletal mus- 
cle cells can improve cardiac function in ischemic heart disease as well as dilated cardi- 
omyopathy on numerous animal models. Most research teams have addressed 
autologous CCM in a three phase process : biopsy, ex viva cell culture/expansion and 
surgical or catheter based cell delivery Considering the potential benefit of using non 
cultured muscle cells (little time, lower cost, reduced risk of contamination), we investi- 
gated the feasibility of grafting cells obtained directly after enzymatic dissociation of skel- 
etal muscle biopsies in ovine myocardium.We hypothesized that those non cultured 
muscle cells would massively engraft Methods: Autologous intramyccardlal skeletal 
muscle cells implantation was carried out in 8 sheep. A skeletal muscle biopsy (about IO 
g) was explanted from each animal. The sheep were left to recover over approximately 
three hours and reanesthetized when the cells were ready for the implantation. A left fifth 
intercostal thoracotomy was performed and 10 epicardial injections of the muscle prepa- 
ration (between IO and 20 million cells) were carried out. All sheep were euthanized 3 
weeks after myocardial implantation. lmmunohistochemistry was performed with mono- 
clonal antibodies to a fast skeletal isoform of myosin heavy chain. Results: Skeletal myo- 
sin heavy chain expression was detected in all slides at 3 weeks after implantation in 8 of 
8 animals, confirming engraftment of skeletal muscle cells. Massive areas of engraftment 
(from 2 to 9 mm in diameter) or discrete loci were noted within the myocardral wall. Con- 
clusions: In conclusion, our results indicate that non-cultured skeletal muscle cells can 
successfully and massively engraff in ovine myocardium. Thus, skipping the cell culture 
expansion phase is feasible and could become a promising option for cellular cardiomyo- 
PI&y 
1185-86 Combination of Mesenchymal Stem Cell 
Transplantation and Angiogenic Gene Transfer for 
Myocardial Regeneration and Therapeutic 
Angiogenesis 
Tae-Jin Youn, Hainan Piao, Young-Hwa Kim, So-Young Choi, Jin-Sook Kwon, Bo-Ra 
Son, Dong-Woon Kim, Seung-Taik Kim, Myeong-Chan Cho, College of Medicine, 
Chungbuk National University, Cheongju, South Korea 
Bone marrow-derived stem cells including mesenchymal stem cells (MSCs) have 
attracted attention as potential platforms for the delivery of therapeutic genes. Lentiviral 
vectors are promising tools for the development of gene therapy since they can trans- 
duce both quiescent and dividing cells. We have previously demonstrated that MSCs can 
be differentiated into cardiomyocytes and restoration of blood flow is crucial for the fate of 
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transplanted MSCs after myocardlal infarction. In the present study. we evaluated effi- 
ciency of lentiviral vector-medIated gene transfer into MSCs and investigated the myo- 
cardial regenerative and angiogenic effect of MSCs transplantation in combination with 
vascular endothelial growth factor (VEGF) gene transfer. Lentiviral vectors containing 
enhanced green fluorescence protein gene were transduced cultured MSCs with more 
than 30% transduction efficiency. Fourty-eight hours after hVEGF121 gene delivery into 
MSCs using lentiviral vectors at titers of 5X1@ infection unit/ml, large amount 
(157.4+45.8 pglml. n=4) of VEGF protein was secreted into the supematant from the 
transduced MSCs. Biochemical or morphological characteristics and differentiation prop- 
erties into cardiomyocytes following 5-azacytidine treatment were not significantly 
changed in the genetically modified MSCs. When VEGF-transfected MSCs (3XlOscells) 
were directly infected into the apex of normal heart, VEGF was secreted until 2 weeks 
after Iantiviral vector-mediated gene transfer to myocardium and concentration gradient 
of VEGF was observed across the left ventricle (apex, 16.1+0.3; mid, 9.0+3.0; base, 
3.3+2 0 pgimg protein of LV). When compared to total concentration (14.Oe2.1 pg/mg 
protein) of secreted VEGF at 1 week after hVEGFl21 gene delivery, myocardial concen- 
tration (26.9+5.4 pglmg protem) of VEGF was significantly greater at 2 weeks. These 
results demonstrate that MSCs transplantation with lentivirus-mediated ex viva VEGF 
gene delivery might be applied in the treatment of ischemic heart disease because thera- 
peutic angiogenesis can be mediated by this treatment strategy in addltlon to myocardial 
regeneration by MSCs transplantation which was already documented. 
1185437 Specific Dysregulation of Troponins and.lnflammatory 
Marker Genes in Endomyocardial Biopsies From Heart 
Transplant Recipients 
Sheri E. K&men, Daniel P. Bednarik. Michael V. Autieri, Kenneth B. Margulies, Howard 
J. Eisen Temple University School of Medicine, Philadelphia, PA, Genelogic. -) 
Gaithersburg, MD 
BACKGROUND: Graft surveillance by protocol biopsies can reflect the 
immunological status of the graft as well as the efficacy of 
anti-relection therapy. However, standard morphological features of 
endomyocardial biopsies do not necessarily correlate wth graft function 
or prognosticate future rejection episodes. The goal of this work is fo 
identify objectwe, specific, and quantitative surrogate markers of 
graft rejection and function. 
METHODS: A novel and proprietary micro sample ampllflcation (MSA) 
technique has been developed to r&ably amplify mRNA in a non-anomalous 
and non-disproportionate manner from nanogram quantities of RNA. MSA 
was used to generate a transcriptional profile of gene expression from 
endomyocardial biopsies from different International Society of Heart 
and Lung Transplant (ISHLT) rejection grades. 
RESULTS. This study demonstrates that expression of Tropomn I, 
Troponin T2, and Troponin C are proporhonal to the ISHLT rejection 
grade, with more mRNA of each transcript being detected in grade 3A 
versus IA biopsies. This is significant I” that the Troponin family of 
proteins regulate muscle contraction by cyclin sequestration. 
Similarly, expression of several IFNg-inducible genes are also expressed 
in a rejection grade manner. In particular, the IFNg-inducible gene 
IF130 was specifically detected only in grade 3A samples. IF130 has been 
characterized as a lysosomal thlol reductase that is important in 
antigen processing. 
CONCLUSIONS: MSA is novel technique to identify gene expression in 
lImIted tissue samples such as biopsies. Specifically, the Troponins and 
IFl30, in confunction with other genes may represent surrogate molecular 
markers of the status of allografl rejection and function in cardiac 
transplant recipients. 
1185-88 Enhanced Cardiomyocyte Transplantation With 
Vascular Endothelial Growth Factor and IGF 
Transduction in a Mouse Model of Acute Myocardial 
infarction 
Masatomo Nakao, Jennifer Cho, Richard Wu, Erin Lewis, Feiran Lou. Haoyi Zheng, Rui 
Lui. Shunichi Homma. Marlo Deng, Hal A. Skopicki, Columbia University New York, NY, 
North Shore Uwersity Hospital, Manhasset. NY 
Despite many claims of widespread successes, cardiomyocyte transplantation is limited 
by issues including cell viability and the availability of donor cells. We tested the hypothe- 
sis thar both viability and angiogemc signals, transduced into a subpopulation of trans- 
planted cardiomyocytes, would enhance survival of the transplanted grail. h vitro, cells 
transfected with IGF-1 plasmid or m&a contalnlng IGF-1 protein demonstrated 
enhanced suwival(42 * 11% and 51 * 8%; both ~~0.05 compared to untransfected cells, 
26 t 6%) at 46 hours. No additional suwival effect was seen with transfected VEGF165 
or in the presence of VEGF protein. When transplanted into the periinfarct region of mice 
two weeks after LAD Ilgation, neonatal cardiomyocytes alone, or cells transferred in a 
solution containing VEGF and IGF protein. formed sparse stable grafts in viva associated 
with persistent decline in myocardial contractility (net decrease in fractional shortening 
0.7% f 0.6% and 4.9% r 1.6%, respectively) at 3 weeks. However, markedly enhanced 
cellular survival, coupled with augmentation I” myocardial contractility (net increase I” 
fracfional shortening +8 3% * 1.7%). were present in grafts that were anchored by the 
presence of neonatal cardlomyocytes expressmg IGF-1 and VEGFI 65 plasmlds and that 
were also transplanted in the presence of growth factor proteins. These data demon- 
strate clinically relevant. limited survival of untreated rransplanted cardlomyocytes into 
the perlinfarct region of mouse myocardium and enhanced graft survival and functional 
augmentation only after transplantation both in the presence of peptide growth factors 
and cells genetically modified to enhance survival (IGF) and promote vascularization 
(VEGF). 
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855-1 Elevated Levels of the CXCRB Chemokine Ligand ITAC 
Is Associated With the Development of Severe 
Transplant Coronary Artery Disease in Humans 
John Kaq Jon Kobashigawa, Micheal C. Flshbein, Robb C. Mac Lellan, Marie Burdick, 
John Belperio, Robert M. Stricter, UCLA G&en School of Medicine, Los Angeles, CA 
Background: For patients undergolng orthotopic heart transplanta6w the major cause 
of late graft loss is transplant coronary artery disease (TCAD). CCR5 and CXCRB 
chemokine ligands have been implicated as causative factors in the development of 
acute rejection. however they have not been assessed in TCAD. Methods and Results: 
Serum levels of chemokines were measured by ELISA. Of the CCR5 and CXCRB 
chemokines studied. only ITAC was elevated I” patients with severe TCAD (n=l5), com- 
pared lo long-term survivors (11.15) without transplant coronary disease, and healthy. 
non-transplanted volunteers (n=9). Serum levels of ITAC were 1.476+/-0.274 @ml, 
0.926+/-0.466 ng/ml, and 0.741 +/- 0.321 @ml, respectively. P=O.O49 for the interaction 
of the three, p=O.74 for Control vs. No TCAD, p=O.O34 for NO TCAD vs. TCAD. and 
~~0.043 for Control vs TCAD. lmmunohistochemical localization confirmed the presence 
of CXCR3+ mononuclear cells within lessons and the presence of the ligand, ITAC, on 
the endothekal surface of TCAD lesions. 
CXCR3 Ligand Levels 
Conlrol No TCAD TCAD P Value 
ITAC @g/ml) 0.741+/-0.321 0.926+/-0.466 1.476+/-0.274 0.034’ 
0.043’” 
Mlg @g/ml) 0.071 0.015 
IP-10 @g/ml) 0.04 0 
‘TCAD vs No TCAD. *‘Control “s TCAD 
0.023 NS 
0 NS 
Conclusions: Elevated peripheral blood levels of the CXCRB chemokine ITAC is associ- 
ated with the development of severe TCAD. and may serve as a marker for patients at 
increased risk for the development of this disease. lmmunohistochemical localization the 
CXCR3 chemokine ligand ITAC on the endothelium of lesions with underlying infiltration 
of inflammatory mononuclear cells expressing CXCRB supports a causative role for the 
development of TCAD. 
2:15 p.m. 
855-2 Noninvasive Prediction of Coronary Stenoses in Heart 
Allografts Without Regional Wall Motion Disturbances 
and Normal Left Ventricular Ejection Fraction 
Michael Dandel Friedrich Knollmann, Ernst Wellnhofer. Manfred Hummel, Roland 
Hetzer, Deutsches Herzzentrum, Berlin, Germany 
Background: Although most transplant centers perform annually routine coronary angiog- 
raphies for screening, this surveillance often fail to detect coronary stenoses prior to a 
clinical event. After obtaining promising results for early transplant coronary artery dis- 
ease diagnosis separately with pulsed-wave tissue Doppler imaging [PW-TDI] and elec- 
tron beam computed tomography [EBCT], we assessed the hypothesis that both 
methods in a combined use could further improve allografl vasculopathy surveillance, 
especially in patients with apparently rwrmal left ventricular (LV) function. 
Methods: Throughout 16 months, 169 consecutive patients with post-transplant times 
over 1 year, normal LV ejection fraction and lack of relevant reglonal wall motion dlstur- 
bances underwent EBCT (coronary calcification detection) and PW-TDI (LV wall motion 
analysis) before coronary angiography. Coronary calcifications were quantified by the 
Agatston scoring system. With PW-TDI we measured the systolic and diastolic wall 
motion peak velocities (Sm and Em) and the systolic and diastolic times (TSm from onset 
of first heart sound to Sm and TEm from onset of second heart sound to Em) EBCT and 
PW-TDI data were tested for relationshios with anaioaraphic findmas. _ _ 
Results: The systolic peak velocity (Sm) and total calcification score (TCS) showed the 
hlohest predictive values. We found sianlficant differences Io=O.OOOl) between Datlents _ 
with and without proximal stenoses of great epicardial coronary vessels for both TCS and 
Sm. Relevant coronary stenoses (> 50% occlusion) were absent in 99.2% of patients 
with Sm > 9 cmls and TCS values c 75. Using both Sm and TCS together, these cut-off 
values allowed the separation of a group of 126 patients with low probability of coronary 
stenoses (125 free from stenoses) and a group of 63 patients which included 96.7% of all 
patients with coronary stenoses and only 16.1% of all patients wIthout stenoses. 
